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ELECTRONIC DEVICE WITH COOLING
CAPABILITY

BACKGROUND OF INVENTION

1. Field of the Invention

The present application relates to an electronic device with
a cooling capability.

2. Description of Related Art

With the increase 1n the number of functions of electronic
devices such as notebook computers 1n recent years, the pro-
cessing speed of the electronic components constituting the
internal signal processing circuits has increased. Generally,
the electronic components produce heat during operation.
Thus, the amount of heat produced by the electronic compo-
nents increases as the processing speed increases. That 1s, for
electronic devices, an improvement in the cooling efficiency
within the devices 1s a problem that needs to be tackled as the
number of the functions increases.

JP 2003-031981 discloses a cooling structure where air 1s
introduced 1nto a housing through one side of the housing to
which a fan 1s fixed and 1s let out from the other side of the
housing.

However, as disclosed in JP 2003-031981, with the struc-
ture where the inlet and the outlet are provided on the sides of
the housing, there 1s a possibility of the inlet or the outlet
being blocked with objects, which may lead to a drop 1n the
cooling efficiency of the device. For example, in the case of a
notebook computer, when books or the like are placed on a
position where the 1nlet could be blocked by them, a tlow of
outside air into the device through the 1nlet 1s blocked by the
books, which may lead to a drop in the cooling efficiency of
the notebook computer.

SUMMARY OF THE INVENTION

The electronic device disclosed 1n the present application 1s
an electronic device provided with a heat-producing compo-
nent. The electronic device includes: a housing for containing
the heat-producing component; an inlet provided to the hous-
ing, the mlet permitting communication between the nside
and the outside of the housing; an outlet provided to the
housing, the outlet permitting communication between the
inside and the outside of the housing; and an air blower for
allowing air in the housing to flow toward the outlet. The 1nlet
1s provided to the housing on a side a user faces when oper-
ating the electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view ol a notebook computer
according to one embodiment.

FI1G. 2 1s a plan view of a first housing.

FIG. 3 1s a plan view showing the internal configuration of
the first housing.

FIG. 4 1s a cross-sectional view of a Z-Z portion 1n FIG. 2.

FIG. § 1s a cross-sectional view of the Z-Z portion 1n FIG.
2.

FI1G. 6 1s a perspective view of principal portions of the first
housing.

FI1G. 7 1s a plan view of the first housing with the keyboard
being removed.

FI1G. 8 15 a cross-sectional view of a Y-Y portion in FIG. 7.

FIG. 9 1s a perspective view of a modified example of a
notebook computer.

FIG. 10 1s a cross-sectional view of principal portions of
the first housing.
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2

FIG. 11 1s a perspective view of the principal portions of the
first housing.

FIG. 12 1s a cross-sectional view showing a modified
example of an inlet.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

Embodiment 1

[1. Configuration of Electronic Device]

FIG. 1 1s an external perspective view of a notebook com-
puter according to the present embodiment. Although the
notebook computer will be described 1n the present embodi-
ment as one example of the electronic device, this 1s just an
example of the electronic device. Thus, the electronic device
according to the present embodiment can be any electronic
device as long as it includes at least a heat-producing com-
ponent and a cooling mechanism.

As shown 1n FIG. 1, the notebook computer includes a first
housing 1 and a second housing 2. The first housing 1 includes
a circuit board on which a variety of electronic elements are
mounted, a hard disk drive and the like. The first housing 1 1s
composed of two cases; a top case 101 and a bottom case 102.
The top case 101 primarily forms a top face 1a of the first
housing 1, and a bottom case 102 primarily forms a bottom
tace 156 of the first housing 1. The top case 101 and the bottom
case 102 are coupled to each other and form an internal space
in which a CPU and the like can be disposed. Although the top
case 101 and the bottom case 102 are coupled to each other by
screws 1n the present embodiment, they may be coupled to
cach other with an adhesive or by hook engagement. An inlet
10 1s provided on a front face 1¢ of the first housing 1.

The second housing 2 includes a liquid crystal display 4.
The first housing 1 and the second housing 2 are each sup-
ported by hinge portions 3 rotatably. The hinge portions 3
include spindles for supporting the first housing 1 and the
second housing 2 rotatably 1n the directions of the arrows A
and B.

FIG. 2 1s a plan view of the first housing of the notebook
computer. As shown i FIGS. 1 and 2, a keyboard 5 and a
pointing device 6 are placed on the top face 1a of the first
housing 1. The bottom face 15 of the first housing 1 1s the
backside of the top face 1la. Of the side faces of the first
housing 1 adjacent to the top face 1a and the bottom face 15,
the front face 1c 1s the one most distant from the hinge
portions 3. When a user looks at what 1s displayed on the
liquid crystal display 4 and manipulates the keyboard 3, the
front face 1¢ faces the user. The inlet 10 1s provided on the
front face 1c.

FIG. 3 1s a plan view showing the internal structure of the
first housing 1. FIG. 3 shows the first housing 1 shown in FIG.
2 with the top case forming the top face 1a of the first housing
1, the keyboard 5, the pointing device 6 and the like being
removed. As shown in FIG. 3, the first housing 1 includes a
fan 21, a central processing unit (CPU) 22, and a random-
access memory (RAM) 23. In reality, the first housing 1 of the
notebook computer includes a hard disk drive and a variety of
clectronic components 1n addition to the components shown
in FIG. 3, but the drawing only shows the principal compo-
nents to 1llustrate the iternal structure of the first housing 1
clearly. An outlet 24 1s provided on the leit side face 14 of the
first housing 1.

The fan 21 includes a plurality of blades and a motor. When
power 1s supplied to the motor, the fan rotates at high speed
and generates a flow of air within the first housing 1. The fan

21 1s disposed 1n the vicinity of the outlet 24. The CPU 22
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executes a variety of types of information processing. The
CPU 22 1s disposed in the vicinity of the fan 21. In the RAM

23, data and programs are stored temporarily when the CPU
22 executes information processing. The RAM 23 1s disposed
in the vicinity of the outlet 10. Note that the locations of the
fan 21, the CPU 22, and the RAM 23 shown 1in FIG. 3 are one
example Further, the location of the outlet 24 shown 1n FIG.
3 1s one example, and the outlet 24 may be provided on the
right side face 1le.

In the first housing 1 shown 1n FIG. 3, when the fan 21 1s
brought 1nto operation, outside air 1s introduced 1nto the first
housing 1 through the inlet 10 as indicated by the arrow E. The
air introduced mto the first housing 1 takes away heat pro-
duced by the CPU 22, the RAM 23 and the like and 1s let out
through the outlet 24 as indicated by the arrow F.

FI1G. 4 1s a cross-sectional view of the Z-Z portion in FIG.
2. As shown 1n FIG. 4, the inlet 10 1s provided on the front face
1c of the first housing 1. The inlet 10 1s provided at the center
in the thickness direction of the first housing 1. The location
of the inlet 10 1s not limited to the center 1n the thickness
direction of the first housing 1, and the inlet 10 may be
provided on the front face 1c¢ at a location close to the top face
1a or at a location close to the bottom face 15. The inlet 10 1s
formed by causing a recess 101» formed 1n a wall 101#: of the
top case 101 and a recess 102# formed 1n a wall 102# of the
bottom case 102 to oppose each other. Note that the inlet 10
can be defined by the recess 1012 formed 1n the top case 101
or the recess 1027 formed 1n the bottom case 102 alone.

When the fan 21 (see FIG. 3) operates in the notebook
computer configured as above, outside air flows 1nto the first
housing 1 through the inlet 10 as indicated by the arrow E.
[2. Effects of Embodiment, etc.]

With the present embodiment, the possibility of the inlet 10
being blocked by objects can be reduced because the inlet 10
1s provided on the front face 1¢ of the first housing 1. That 1s,
it 1s quite likely that the user faces the front face 1¢ 1n most of
the cases when he operates the notebook computer in a nor-
mal position. Thus, when the ilet 10 1s provided on the front
face 1c, the inlet 10 1s less likely to be blocked than when 1t 1s
provided on any other face of the first housing 1, so that the
cooling efficiency in the first housing 1 1s less likely to drop.

Further, because the inlet 10, the RAM 23, and the outlet 24
generally are aligned 1n this order in the present embodiment,
it 1s possible to improve the efficiency of cooling the RAM 23.
I1 the 1nlet 10 1s not provided on the front face 1¢ of the first
housing 1 but on the right side face 1e of the first housing 1 at
a portion opposing the outlet 24, it 1s difficult for air 1ntro-
duced 1nto the housing through the inlet to flow toward the
RAM 23, so that the efficiency of cooling the RAM 23 1s hard
to improve. Note that the electronic component to be aligned
with the inlet 10 and the outlet 24 1s not limited to the RAM
23 and any other electronic component, such as the CPU, may
be so used.

Embodiment 2

[ 1. Configuration of Electronic Device]

In a notebook computer according to Embodiment 2, the
inlet 10 1s configured differently from that in Embodiment 1.
Hereinaiter, the configuration of the ilet 10 of the notebook
computer according to Embodiment 2 will be mainly
described.

FIG. 5 1s a cross-sectional view of the Z-Z portion in FIG.
2. As shown 1n FIG. 5, the 1nlet 10 1s formed by recessing a
part of the front face 1c¢ of the first housing 10 toward the
inside of the first housing 1 and forming a tlow space 13. The
first wall 11 and the second wall 12 form the flow space 13,

10

15

20

25

30

35

40

45

50

55

60

65

4

thereby forming the inlet 10. The first wall 11 1s situated
inwardly from the front face 1c¢ of the first housing 1 and 1s
inside the first housing 1. The second wall 12 constitutes the
front face 1c¢ of the first housing 1. The first wall 11 and the
second wall 12 overlap one another 1n the thickness direction
of the firsthousing 1. R1 1s a dimension by which the first wall
11 and the second wall 12 overlap one another. R1 as the
overlapping amount 1s not particularly limited as long as 1t at
least 1s sufficient to hide the inside of the first housing 1 from
the user’s sight when the user looks at the inlet in the direction
of the arrow D, and 1s preferably 1 mm or more. When the fan
21 (see FIG. 3) operates, outside air passes through the flow
space 13 as indicated by the arrow E and flows into the first
housing 1 1n the inlet 10 shown 1n FIG. 5.

InFIG. 5, a first gap 14 1s a gap between the first wall 11 and
the second wall 12, and a second gap 15 1s a gap between the
second wall 12 and a third wall 16. In the inlet 10 according to
the present embodiment, the first gap 14 1s situated close to
the top face 1a of the first housing 1 then the second gap 15.
As aresult of having such a configuration, the pass of outside
air can be bent toward the top face 1q as indicated by the arrow
E. Thus, even 1f foreign matters such as dust are contained 1n
outside air, since 1t 1s difficult for the foreign matters to pass
through the first wall 11 due to their own weight, the foreign
matters are less likely to enter the first housing 1.

FIG. 6 1s a perspective view ol principal portions of the first
housing 1 in the vicimity of the inlet 10. FIG. 6 1s a view of the
inlet 10 1n the direction of the arrow D 1n FI1G. 2. As shown 1n
FIG. 6, the first wall 11 and the second wall 12 overlap one
another at the mlet 10. Thus, when the first housing 1 1s seen
in the direction of the arrow D (see FIGS. 2 and 5), 1t 1s
difficult to see the mside of the first housing 1. Consequently,
it 1s possible to make the presence of the ilet 10 on the front
face 1c ol the first housing 1 less noticeable. If the first wall 11
and the second wall 12 do not overlap one another, 1t would be
highly likely that components and the like included in the first
housing 1 come within the user’s sight through the gap
between the first wall 11 and the second wall 12. For this
reason, the presence of the inlet 10 becomes noticeable.
|2. Effects of Embodiment, etc.]

With the present embodiment, the possibility of the inlet 10
being blocked by objects can be reduced because the inlet 10
1s provided on the front face 1¢ of the first housing 1. That 1s,
it 1s quite likely that the user faces the front face 1¢ 1n most of
the cases when he operates the notebook computer 1n a nor-
mal position. Thus, when the mlet 10 1s provided on the front
face 1c¢, the inlet 10 15 less likely to be blocked than when 1t 1s
provided on any other face of the first housing 1, so that the
cooling efficiency in the first housing 1 1s less likely to drop.

Because the inlet 10 according to the present embodiment
includes the first wall 11 and the second wall 12 that overlap
one another through the pass space 13, 1t 1s possible to secure
the mtroduction of a sufficient amount of air into the first
housing 1 while making the presence of the imlet 10 less
noticeable in the front face 1¢ of the first housing 1. That 1s, as
shown 1n FIG. 6, although a part of the front face 1¢ of the first
housing 1 1s opened to form the inlet 10, the first wall 11 1s
disposed at the back of the opening, so that 1t 1s difficult to see
the mnside of the first housing 1 from the outside. Thus, even
if the inlet 10 according to the present embodiment 1s pro-
vided on the front face 1¢ of the first housing 1 where the user
faces to operate the notebook computer, 1ts presence 1s less
noticeable, so that the appearance of the notebook computer
can be improved.

Further, since the first gap 14 1s situated closer to the top
face 1a of the first housing 1 than the second gap 15, it 1s
possible to make the inlet less noticeable 1n the front face 1c
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of the first housing 1. That 1s, when the user operates the
notebook computer 1n a normal position, often, his body
opposes the front face 1¢ and his eyes are situated at a position
where the top face 1q and the front face 1¢ of the first housing
1 can be seen. In other words, the user looks at the first
housing 1 somewhat downwardly 1n a diagonal direction as
shown 1 FIG. 6. IT the first gap 14 is situated closer to the
bottom face 15 of the first housing 1 than the second gap 15,
the first gap 14 comes within the user’s sight. Thus, by situ-
ating the first gap 14 closer to the top face 1a of the first
housing 1 then the second gap 15 as 1n the present embodi-
ment, the first gap 14 hardly comes within the user’s sight.

Further, because the inlet 10, the RAM 23, and the outlet 24
generally are aligned in this order in the present embodiment,
it 1s possible to improve the efficiency of cooling the RAM 23.
I1 the 1nlet 10 1s not provided on the front face 1c¢ of the first
housing 1 but on the right side face 1e of the first housing 1 at
a portion opposing the outlet 24, it 1s difficult for air 1ntro-
duced into the housing through the inlet to flow toward the
RAM 23, so that the efficiency of cooling the RAM 23 1s hard
to improve. Note that the electronic component to be aligned
with the inlet 10 and the outlet 24 1s not limited to the RAM
23 and any other electronic component, such as the CPU, may
be so used.

Although the inlet 10 1s provided on the front face 1¢ of the
first housing 1 in the present embodiment, additional inlets
may also be provided for the first housing 1. FIG. 7 1s a plan
view of the first housing 1 with the keyboard 5 being removed.
5a 1n FIG. 7 denotes the area in which the keyboard 5 was
disposed. FIG. 8 15 a cross-sectional view of the Y-Y portion
in FIG. 7. As shown in FIGS. 7 and 8, the first housing 1
includes a plurality of inlets 31 1n the area Sa for disposing the
keyboard 5. The inlets 31 are ludden by the keyboard 5 when
the keyboard 5 1s disposed on the top face 1a of the first
housing 1. Even when the inlets 31 are hidden by the key-
board 5, the inlets 31 are in communication with the outside
spatially through a slight gap between the top face 1a of the
first housing 1 and the keyboard 5. In the notebook computer
shown 1n FIGS. 7 and 8, when the fan 21 1s brought in
operation, outside air 1s introduced into the first housing 1
through the inlet 10 as indicated by the arrow E as well as
through the plurality of inlets 31 as indicated by the arrows G
(see FIG. 8). The air introduced into the first housing 1
through the inlets 10 and 31 takes away heat produced by the
CPU 22, the RAM 23, and the like, and 1s let out through the
outlet 24 as indicated by the arrow F. As a result, the RAM 23
can be cooled primarily with the air introduced through the
inlet 10 and the CPU 22 can be cooled primarily with the air
introduced through the 1nlets 31.

FI1G. 9 1s a perspective view of a notebook computer. FIG.
10 1s a cross-sectional view of the periphery of an inlet of the
notebook computer shown 1in FIG. 9. FIG. 11 1s a perspective
view of the periphery of the inlet of the notebook computer
shown 1n FIG. 9. In FIGS. 9 to 11, the same components as
those described with reference to FIGS. 1 to 8 are denoted by
the same reference numerals and the detailed description
thereot will not be repeated.

As shown 1n FIG. 10, an inlet 40 1s formed by recessing a
partof a bottom case 102 toward the inside of the first housing
1 and forming a pass space 103. More specifically, a wall
102a of the bottom case 102 1s recessed toward the mside of
the first housing 1 from a wall 101a of a top case 101 at a
center portion of the front face 1c¢ of the first housing 1,
thereby forming a gap (pass space 103) between the walls
101a and 102a. The pass space 103 connects the mnside and
outside of the first housing 1 spatially. Further, the walls 101a
and 102a overlap one another 1n the thickness direction of the
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firsthousing 1. R2 1s a dimension by which the walls 101a and
102a overlap one another. R2 as the overlapping amount 1s
not particularly limited as long as 1t at least 1s suificient to hide
the mside of the first housing 1 from the user’s sight when the
user looks at the inlet 1n the direction of the arrow D, and 1s
preferably 1 mm or more. When the fan 21 (see FIG. 3)
operates, outside air passes through the flow space 103 as
indicated by the arrow E and tlows into the first housing 1 1n
the inlet 40 shown 1n FIG. 10.

As shown 1n FI1G. 10, by opening the pass space 103 on the
outer side downwardly, the pass of outside air can be bent
toward the top face 1a of the first housing 1 as indicated by the
arrow E. Thus, even 1f foreign matters such as dust are con-
tained 1n outside air, since it 1s difficult for the foreign matters
to pass through the first wall 102 due to their own weight, the
foreign matters are less likely to enter the first housing 1.

As shown 1n FIG. 11, the walls 101aq and 102a overlap one
another at the mlet 40. Thus, when the first housing 1 1s seen
in the direction of the arrow D (see FIG. 10), 1t 1s difficult to
see 1side the first housing 1. Consequently, 1t 1s possible to
make the presence of the inlet 40 less noticeable 1n the front
tace 1c¢ of the first housing 1.

Further, an inlet can be provided as shown 1n FIG. 12. FIG.
12 1s a cross-sectional view of the periphery of the inlet of the
first housing 1, showing a modified example of the inlet. In
FIG. 12, a wall 102¢ has an acute angle Q1 relative to a line
extending from the bottom face 15 of the first housing 1 in the
surface direction. The ilet 110 1s provided on the wall 102¢
of the bottom case 102. As shown 1n FIG. 12, since the wall
102¢ of the bottom case 102 1s inclined and the nlet 110 1s
provided on the wall 102¢, the inlet 110 faces a diagonally
downward direction when the notebook computer 1s placed
on a desktop. Because the inlet 110 faces a diagonally down-
ward direction, a sufficient amount of air can be secured and
introduced 1nto the first housing 1 while making the presence
of the mlet 110 less noticeable 1n the front face 1c¢ of the first
housing 1. Further, as a result of having the configuration as
shown 1 FIG. 12, the pass of outside air can be directed
toward the top face 1a as indicated by the arrow E. Thus, even
iI foreign matters such as dust are contained 1n outside atr,
since 1t 1s difficult for the foreign matters to move toward the
top face 1a due to their own weight, the foreign matters are
less likely to enter the first housing 1.

The first housing 1 according to the embodiments 1s one
example of the housing. The inlets 10, 40 according to the
embodiments are each one example of the inlet. The outlet 24
according to the embodiments 1s one example of the outlet.
The fan 21 according to the embodiments 1s one example of
the air blower. The CPU 22 and the RAM 23 according to the
embodiments are each one example of the heat-producing
component. The front face 1¢ of the first housing 1 according
to the embodiments 1s one example of the “side where a user
faces when operating the electronic device™.

The present application 1s useful for an electronic device
with a cooling capability.

The mvention may be embodied in other forms without
departing from the spirit of essential characteristics thereof.
The embodiments disclosed in this application are to be con-
sidered 1n all respects as 1llustrative and not limiting. The
scope of the mvention 1s indicated by the appended claims
rather than by the foregoing description, and all changes

which come within the meaning and range of equivalency of
the claims are intended to be embraced therein.

What 1s claimed 1s:

1. An electronic device that accepts information input by a
user and supplies information to the user, provided with a
heat-producing component, comprising
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a housing for containing the heat-producing component;

an 1nlet provided to the housing, the inlet permitting com-
munication between an inside and an outside of the
housing;

an outlet provided to the housing, the outlet permitting 5

communication between the inside and the outside of the
housing; and

an air blower for allowing air 1n the housing to flow toward

the outlet,
wherein the inlet 1s provided to a side of the housing to 10
which a user faces when operating the electronic device
in a normal operation,

the side comprises a first wall that 1s formed continuously
from a bottom face of the housing and does not reach a
top face of the housing, and a second wall that 1s formed 15
continuously from the top face of the housing,

the first wall 1s arranged inwardly on the housing relative to

the second wall with a predetermined space interposed
therebetween, and an end portion of the first wall and an
end portion of the second wall overlap one another in a 20
thickness direction of the housing,

the space between the first wall and the second wall defines

in part a flow space of the nlet.

2. The electronic device according to claim 1, further com-
prising a display, wherein the side having the mlet 1s opposite 25
a side of the housing closest to the display.

3. The electronic device according to claim 2, wherein the
display 1s provided 1n a casing hingedly mounted to the hous-
ing at a side opposite the side having the inlet.

% x *H % o 30
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